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(57) ABSTRACT 

A method for selecting data to reconstruct a three-dimen 
sional (3D) image of a Subject of interest includes acquiring a 
3D emission dataset of the Subject of interest, acquiring a 
respiratory signal of the Subject of interest, the respiratory 
signal including a plurality of respiratory cycles, and calcu 
lating a respiratory profile using the respiratory signal. The 
method further includes, for each respiratory cycle, generat 
ing a gating window, calculating a minimum total squared 
difference (TSD) between a plurality of phases in the respi 
ratory profile and the same plurality of phases in the respira 
tory cycle, and positioning the gating window based on the 
TSD values calculated, and reconstructing a 3D image using 
only the emission data within the plurality of gated windows. 
A system and non-transitory computer readable medium are 
also described herein. 
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1. 

METHOD AND APPARATUS FOR DATA 
SELECTION FOR POSTRON EMISSION 

TOMOGRPAHY (PET) IMAGE 
RECONSTRUCTION 

BACKGROUND OF THE INVENTION 

The subject matter disclosed herein relates generally to 
imaging systems, and more particularly to a method and 
apparatus for optimizing data selected to reconstruct a 
Positron Emission Tomography (PET) image. 

Multi-modality imaging systems exist that scan using dif 
ferent modalities, for example, PET and Single Photon Emis 
sion Computed Tomography (SPECT). During operation, the 
image quality of the conventional imaging systems may be 
affected by the motion of the object being imaged. More 
specifically, imaging artifacts may be produced by movement 
of the object during image acquisition. Respiratory motion is 
a common source of involuntary motion in mammals (e.g., 
people and animals) encountered in medical imaging systems 
and therefore is also a common source of the imaging arti 
facts. 
One known method for reducing the imaging artifacts is to 

sort the image data into a plurality of bins. One of the bins is 
then selected as the reference bin and the remaining bins are 
then registered to the reference bin. However, the reference 
bin may not include optimal information for registering the 
remaining bins. For example, the reference bin may include a 
fewer number of pixels or pixels having a reduced pixel 
intensity. Thus, when the remaining bins are registered with 
the reference bin, the quality of the resultant image may be 
reduced. 

Additionally, a PET imaging procedure may last 2-3 min 
utes per acquired data at a bed position. Thus, several respi 
ratory cycles of image data are acquired and sorted to con 
tribute to image data for each bin. In general, it is assumed that 
the respiratory cycles include image data that is repeating for 
the internal patient anatomy over the respiratory cycles Such 
that image data for each respiratory cycle may be Summed 
into the bins. However, in general the patient’s breathing is 
not consistent over the entire imaging procedure. The meth 
ods described herein may be applied independently to any or 
all such data acquisitions associated with a multi-position 
(whole body) scan where respiratory motion is present. 

In some methods for reducing the imaging artifacts, the 
patient may hold their breath during the scan. However, 
because PET data, for example, may be acquired over several 
minutes, the patient typically has to breathe several times 
during the PET acquisition. Thus the patient’s breathing 
results in patient motion which may potentially result in 
imaging artifacts. 

BRIEF DESCRIPTION OF THE INVENTION 

In one embodiment, a method for selecting data to recon 
struct a three-dimensional (3D) image of a subject of interest 
is provided. The method includes acquiring a 3D emission 
dataset of the Subject of interest, acquiring a respiratory signal 
of the Subject of interest, the respiratory signal including a 
plurality of respiratory cycles (the respiratory trace), and 
calculating a respiratory profile using the respiratory signal. A 
profile, for instance, may include plotting respiratory dis 
placement as a function of phase for all cycles acquired dur 
ing data acquisition, followed by a displacement-based cal 
culation based upon a Subset of phase locations or phase bins. 
Such a calculation could include the displacement average for 
all cycles during each phase bin. The method further includes, 
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2 
for each respiratory cycle, generating a gating window, cal 
culating a minimum total squared difference (TSD) between 
a plurality of phases in the respiratory profile and the same 
plurality of phases in the respiratory cycle, and positioning 
the gating window based on the TSD values calculated, and 
reconstructing a 3D image using only the emission data 
within the plurality of gated windows. A system and non 
transitory computer readable medium are also described 
herein. 

In another embodiment, an imaging system is provided. 
The imaging system includes a detector, and a computer 
coupled to the detector. The computer is programmed to 
acquire a 3D emission dataset of the Subject of interest, 
acquire a respiratory signal of the Subject of interest, the 
respiratory signal including a plurality of respiratory cycles, 
and calculate a respiratory profile using the respiratory signal. 
The computer is further programmed to for each respiratory 
cycle, generate a gating window, calculate a minimum total 
squared difference (TSD) between a plurality of phases in the 
respiratory profile and the same plurality of phases in the 
respiratory cycle, and position the gating window based on 
the TSD values calculated, and reconstruct a 3D image using 
only the emission data within the plurality of gated windows. 

In a further embodiment, a non-transitory computer read 
able medium is provided. The non-transitory computer read 
able medium is encoded with a program programmed to 
instruct a computer to acquire a 3D emission dataset of the 
Subject of interest, acquire a respiratory signal of the Subject 
of interest, the respiratory signal including a plurality of 
respiratory cycles, and calculate a respiratory profile using 
the respiratory signal. The non-transitory computer readable 
medium also instructs a computer to, for each respiratory 
cycle, generate a gating window, calculate a minimum total 
squared difference (TSD) between a plurality of phases in the 
respiratory profile and the same plurality of phases in the 
respiratory cycle, and positioning the gating window based 
on the TSD values calculated, and reconstruct a 3D image 
using only the emission data within the plurality of gated 
windows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial illustration of an exemplary imaging 
system formed in accordance with various embodiments. 

FIG. 2 is a flowchart illustrating a method for selecting data 
utilized to reconstruct a three-dimensional (3D) image in 
accordance with various embodiments. 

FIG.3 is a graphical illustration of a plurality of respiratory 
cycles that may be generated in accordance with various 
embodiments. 

FIG. 4 is a flowchart illustrating a portion of the method 
shown in FIG. 2 in accordance with various embodiments. 

FIG. 5 is a graphical illustration of a gating window that 
may be generated in accordance with various embodiments. 

FIG. 6 is a graphical illustration of an window of phase 
offset values that may be generated in accordance with vari 
ous embodiments. 

FIG. 7 is a block diagram of a portion of the method shown 
in FIG. 2 in accordance with various embodiments. 

FIG. 8 is a block schematic diagram of a portion of the 
imaging system illustrated in FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

The foregoing Summary, as well as the following detailed 
description of various embodiments, will be better under 
stood when read in conjunction with the appended drawings. 
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To the extent that the figures illustrate diagrams of the func 
tional blocks of the various embodiments, the functional 
blocks are not necessarily indicative of the division between 
hardware circuitry. Thus, for example, one or more of the 
functional blocks (e.g., processors or memories) may be 
implemented in a single piece of hardware (e.g., a general 
purpose signal processor or a block of random access 
memory, hard disk, or the like) or multiple pieces of hard 
ware. Similarly, the programs may be standalone programs, 
may be incorporated as Subroutines in an operating system, 
may be functions in an installed software package, and the 
like. It should be understood that the various embodiments 
are not limited to the arrangements and instrumentality shown 
in the drawings. 
As used herein, an element or step recited in the singular 

and proceeded with the word “a” or “an should be under 
stood as not excluding plural of said elements or steps, unless 
such exclusion is explicitly stated. Furthermore, references to 
“one embodiment of the present invention are not intended 
to be interpreted as excluding the existence of additional 
embodiments that also incorporate the recited features. More 
over, unless explicitly stated to the contrary, embodiments 
“comprising or “having an element or a plurality of ele 
ments having a particular property may include additional 
elements not having that property. 

Also as used herein, the phrase "reconstructing an image' 
is not intended to exclude embodiments in which data repre 
senting an image is generated, but a viewable image is not. 
Therefore, as used herein the term “image' broadly refers to 
both viewable images and data representing a viewable 
image. However, many embodiments generate, or are config 
ured to generate, at least one viewable image. 

Various embodiments described herein provide a method 
and system for selecting data to reconstruct a three-dimen 
sional (3D) image. In various embodiments, the method 
includes acquiring a 3D emission dataset of the Subject of 
interest, acquiring a respiratory signal of the Subject of inter 
est, the respiratory signal including a plurality of respiratory 
cycles, and calculating a respiratory profile using the respi 
ratory signal. The method further includes for each respira 
tory cycle, generating a gating window, calculating a total 
squared difference (TSD) between a plurality of phases in the 
respiratory profile and the same plurality of phases in the 
respiratory cycle, and repositioning the gating window Such 
that the TSD is reduced or minimized and a 3D image is 
reconstructed using only the emission data within the plural 
ity of gated windows. 

FIG. 1 is an imaging system 10 that may be utilized to 
implement the various methods described herein. In the illus 
trated embodiment, the imaging system 10 is a stand-alone 
Positron Emission Tomography (PET) imaging system. 
Optionally, the imaging system 10 may be embodied, for 
example, as a stand-alone Single Photon Emission Computed 
Tomography (SPECT) system. The various embodiments 
described herein are not limited to standalone imaging sys 
tems. Rather, in various embodiments, the imaging system 10 
may form part of a multi-modality imaging system that 
includes the PET imaging system 10 and a CT imaging sys 
tem, a Magnetic Resonance Imaging (MRI) system, or a 
SPECT system, for example. Moreover, the various embodi 
ments are not limited to medical imaging systems for imaging 
human Subjects, but may include veterinary or non-medical 
systems for imaging non-human objects, etc. 

Referring to FIG. 1, the imaging system 10 includes a 
gantry 12. The gantry 12 includes a detector 312 (shown in 
FIG. 8) that is configured to acquire emission data. During 
operation, a patient 14 is positioned within a central opening 
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4 
16 defined through the gantry 12, using, for example, a motor 
ized table 18. The imaging system 10 may also include at least 
one motion sensor 20 that is adapted to detect and transmit 
information that is indicative of the motion of the patient 14. 
In the illustrated embodiment, the motion sensor 20 is a 
respiratory motion sensor that is configured to generate a 
respiratory signal 22 that provides information of the respi 
ratory motion of the patient 14 during an imaging procedure. 
In one embodiment, the motion sensor 20 may be embodied 
as a belt-type motion sensor 24 that is adapted to extend at 
least partially around the patient 14. Optionally, the motion 
sensor 20 may be embodied as a motion sensor 26 that is 
adapted to be secured to a predetermined position on the 
patient 14. It should be realized that although two different 
motion sensors 20 are described, the imaging system 10 may 
include other types of motions sensors 20 to generate motion 
related information of the patient 14. 
The imaging system 10 also includes an operator worksta 

tion 30. During operation, the motorized table 18 moves the 
patient 14 into the central opening 16 of the gantry 12 in 
response to one or more commands received from the opera 
tor workstation 30. The operator workstation 30 then posi 
tions both the gantry 12 and the table 18 to both scan the 
patient 14 and acquire an emission dataset 40 of the patient 
14. The workstation 30 may be embodied as a personal com 
puter (PC) that is positioned near the imaging system 10 and 
hard-wired to the imaging system 10 via a communication 
link 32. The workstation 30 may also be embodied as a 
portable computer Such as a laptop computer or a hand-held 
computer that transmits information to, and receives infor 
mation from, the imaging system 10. Optionally, the commu 
nication link 32 may be a wireless communication link that 
enables information to be transmitted to or from the worksta 
tion 30 to the imaging system 10 wirelessly. In operation, the 
workstation 30 is configured to control the operation of the 
imaging system 10 in real-time. The workstation 30 is also 
programmed to perform medical image diagnostic acquisi 
tion and reconstruction processes described herein. 

In the illustrated embodiment, the operator workstation 30 
includes a central processing unit (CPU) or computer 34, a 
display 36, an input device 38, and a memory device 44. As 
used herein, the term “computer may include any processor 
based or microprocessor-based system including systems 
using microcontrollers, reduced instruction set computers 
(RISC), application specific integrated circuits (ASICs), field 
programmable gate array (FPGAs), logic circuits, and any 
other circuit or processor capable of executing the functions 
described herein. The above examples are exemplary only, 
and are thus not intended to limit in any way the definition 
and/or meaning of the term “computer. In the exemplary 
embodiment, the computer 34 executes a set of instructions 
that are stored in one or more storage elements or memories, 
in order to process information, such as the emission dataset 
40, received from the detector 312. The storage elements may 
also store data or other information as desired or needed. The 
storage element may be in the form of an information source 
or a physical memory element located within the computer 
34. 

In operation, the computer 34 connects to the communica 
tion link 32 and receives inputs, e.g., user commands, from 
the input device 38. The input device 38 may be, for example, 
a keyboard, mouse, a touch-screen panel, and/or a voice rec 
ognition system, etc. Through the input device 38 and asso 
ciated control panel Switches, the operator can control the 
operation of the PET imaging system 10 and the positioning 
of the patient 14 for a scan. Similarly, the operator can control 
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the display of the resulting image on the display 36 and can 
perform image-enhancement functions using programs 
executed by the computer 34. 
The imaging system 10 also includes a data selection mod 

ule 50 that is configured to implement various methods 
described herein. The module 50 may be implemented as a 
piece of hardware that is installed in the computer 34. Option 
ally, the module 50 may be implemented as a set of instruc 
tions that are installed on the computer 34. The set of instruc 
tions may be stand alone programs, may be incorporated as 
Subroutines in an operating system installed on the computer 
34, may be functions in an installed software package on the 
computer 34, and the like. It should be understood that the 
various embodiments are not limited to the arrangements and 
instrumentality shown in the drawings. 
The set of instructions may include various commands that 

instruct the module 50 and/or the computer 34 as a processing 
machine to perform specific operations such as the methods 
and processes of the various embodiments described herein. 
The set of instructions may be in the form of a non-transitory 
computer readable medium. As used herein, the terms “soft 
ware' and “firmware' are interchangeable, and include any 
computer program stored in memory for execution by a com 
puter, including RAM memory, ROM memory, EPROM 
memory, EEPROM memory, and non-volatile RAM 
(NVRAM) memory. The above memory types are exemplary 
only, and are thus not limiting as to the types of memory 
usable for storage of a computer program. 

FIG. 2 is a simplified block diagram of an exemplary 
method 100 that may be utilized to perform data selection and 
image reconstruction. In various embodiments, the method 
100 may be utilized to automatically select portions of the 
emission dataset 40 acquired during a scan of the patient 14 
and to reconstruct an image of the patient 14 using the 
selected portions. In the exemplary embodiment, the method 
100 may be implemented using the computer 34 and/or the 
data selection module 50 (shown in FIG. 1). The method 100 
may therefore be provided as a non-transitory computer-read 
able medium or media having instructions recorded thereon 
for directing the computer 34 and/or the data selection mod 
ule 50 to perform an embodiment of the methods described 
herein. The medium or media may be any type of CD-ROM, 
DVD, floppy disk, hard disk, optical disk, flash RAM drive, or 
other type of computer-readable medium or a combination 
thereof. 

Referring to FIG. 2, at 102 an emission dataset, such as the 
emission dataset 40 (shown in FIG. 1) is acquired. In the 
exemplary embodiment, the emission dataset 40 may be 
acquired using the PET imaging system 10 (shown in FIG. 1). 
For example, the emission dataset 40 may be acquired by 
performing a scan of a patient 14 to produce the emission 
dataset 40. Optionally, the emission dataset 40 may be 
acquired from data collected during a previous scan of the 
patient 14, wherein the emission dataset 40 has been stored in 
a memory, such as a memory device 44 (shown in FIG. 1). The 
emission dataset 40 may be stored in any format, such as a list 
mode dataset, for example. The emission dataset 40 may be 
acquired during real-time scanning of the patient 14. For 
example, the methods described herein may be performed on 
emission data as the emission dataset 40 is received from the 
PET imaging system 10 during a real-time examination of the 
patient 14. 

At 104, information indicative of motion of the patient 14 
is acquired. The motion information may be acquired during 
a real-time scan of the patient 14, during a related PET imag 
ing scan, or during any other medical imaging system scan 
ning procedure. Optionally, the motion information may be 
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6 
acquired from a database of previous medical examination 
information or may be derived from other data acquired dur 
ing the scan, such as the raw emission data. In various 
embodiments, the motion information is embodied as the 
respiratory signal 22, acquired using the motion sensor 20 
shown in FIG.1. Optionally, the motion information may be 
acquired from information saved in a memory device located 
in the computer 34. In the exemplary embodiment, the motion 
information is representative of the respiratory motion of the 
patient 14 within a selected volume of interest. Optionally, the 
motion information may be embodied as a cardiac signal. 
At 106, a respiratory profile is calculated using the respi 

ratory signal 22 acquired at 104. In various embodiments, the 
respiratory signal 22 includes a plurality of respiratory cycles. 
As used herein, a respiratory cycle includes an inspiration 
phase and an expiration phase. Thus, it should be realized that 
during a typical scanning procedure, the patient 14 may 
inhale and exhale numerous times such that the respiratory 
signal 22 includes a plurality of individual respiratory cycles 
each having an inspiration phase and an expiration phase. 

For example, FIG. 3 is a graphical illustration 200 of an 
exemplary respiratory signal. Such as the respiratory signal 
22, shown in FIG. 1 that has been divided into a plurality of 
individual respiratory cycles 202. The x-axis represents the 
phase of the respiratory cycles 202 and the y-axis represents 
the amplitude of the breathing cycles 202. In the illustrated 
embodiment, the respiratory cycles 202 are arranged Such 
that an inspiration phase of each respiratory cycle 202 is 
Substantially aligned with the inspiration phase of the remain 
ing respiratory cycles 202. It should be realized that FIG. 3 is 
an exemplary graphical illustration of the individual respira 
tory cycles 202 to enable the reader to better understand the 
various embodiments described herein and in various 
embodiments, the respiratory cycles 202 are not graphically 
plotted as shown in FIG. 3. 
As described above, at 106 a respiratory profile 204, shown 

in FIG. 3, is calculated using the respiratory signal 22. In 
various embodiments, the respiratory profile 204 is calculated 
by determining a mean value for each phase in the N respi 
ratory cycles 202. For example, assume that the respiratory 
cycles 202 are each divided into M phases. Moreover, assume 
that for phase M, the amplitude of a respiratory cycle N is 4. 
the amplitude of a respiratory cycle N is 6, and the amplitude 
ofa respiratory cycle N is 8. Thus, the mean of the respiratory 
cycles 202 at the phase M is 6. Accordingly, the respiratory 
profile 204 represents the mean values calculated at each of 
the respiratory phases M for the plurality of respiratory cycles 
202. 

Referring again to FIG. 2, at 108 portions of the emission 
dataset 40 are selected. FIG. 4 is a flowchart of a method 150 
of selecting portions of the emission data at 108. In various 
embodiments, a portion of emission data is selected from 
emission data corresponding to each of the N respiratory 
cycles 202. Thus, N portions of emission data are selected at 
108. In various embodiments, each of the N portions of the 
emission dataset 40 is selected by analyzing each respiratory 
cycle 202 individually. Thus, while steps 152-170 are 
described with respect to a single respiratory cycle, it should 
be realized that steps 152-170 are repeated iteratively until 
emission data corresponding to some or all of the plurality of 
respiratory cycles 202 is selected. 

Accordingly at 152 a first respiratory cycle. Such as a 
respiratory cycle 224 shown in FIG. 5, is selected from the 
plurality of respiratory cycles 202. At 154 a gated window is 
generated for the respiratory cycle 224. For example, FIG. 5 
is a graphical illustration 220 of an exemplary gated window 
222 that may be generated for the respiratory cycle 224 that is 
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a portion of the plurality of N respiratory cycles 202 described 
above. In various embodiments, the gated window 222 has a 
first side 230, a second side 232, and a width 234. In opera 
tion, the gated window 222 is utilized to select a portion 236 
of the emission dataset 40 that is utilized to reconstruct a 3D 
image of the patient 14. Such as a 3D image 42 shown in FIG. 
1. More specifically, it should be realized that the respiratory 
signal 22 is registered with the emission dataset 40 Such that 
particular emission data within the emission dataset 40 may 
be identified using the respiratory signal 22. Therefore, it 
should be further realized that each respiratory cycle 202 
forming the respiratory signal 22 is also registered with a 
portion of the emission dataset 40. 

In various embodiments, the width 234 of the gated win 
dow 222 may be manually selected by a user based on apriori 
information. More specifically, various embodiments 
described herein are utilized to select emission data, e.g. 
emission data within the gated window 222, that is relatively 
unaffected by respiratory motion. The selected emission data, 
e.g. the portion 236, may then be utilized to reconstruct a 3D 
image of the patient 14. The remaining emission data, e.g. the 
emission data that is outside the gated window 222 is there 
fore not utilized to reconstruct the image. 

Thus, in various embodiments, the user may manually 
increase the width 234 of the gated window 222 such that 
more emission data is selected and utilized to reconstruct the 
3D image or reduce the width 234 such that less emission data 
is selected and utilized to reconstruct the 3D image. For 
example, assume that the user sets the width 234 of the gated 
window 222 to 50% of the respiratory cycle. In operation, 
50% of the emission data registered with the respiratory cycle 
224 is then selected and utilized to reconstruct the 3D image. 
Similarly, if the user sets the width 234 of the gated window 
222 to 40%, then 40% of the emission data registered with the 
respiratory cycle 224 is then selected and utilized to recon 
struct the 3D image. In various embodiments, the width 234 
of the gated window 222 may be automatically set by the 
imaging system 10. Moreover, the user may then manually 
adjust the width 234 during operation. It should be realized 
that the width 234 of the gated window 222 generated at 154 
may be the same for each of the respiratory cycles 202 or may 
be different for various respiratory cycles 202. For example, 
the gated window 222 generated for the respiratory cycle 224 
may have a width 234 that is different that a width of a gated 
window (not shown) generated for a different respiratory 
cycle (not shown). In the exemplary embodiment, the width 
of the gated window generated at 154 is the same for each of 
the respiratory cycles 202. 
As described above, the gated window 222 is utilized to 

select emission data within the respiratory cycle 224. Accord 
ingly, it is desirable to position the gated window 222 Such 
that emission data that is least affected by motion is selected 
by the gated window 222 and then utilized to reconstruct the 
3D image. Therefore, and referring again to FIG. 4, at 156 an 
offset window 242, shown in FIG. 6, is generated. In opera 
tion, the offset window 242 is utilized to identify a position or 
phase to initiate emission data selection. More specifically, in 
operation, the offset window 242 is utilized to position the 
gated window 222 such that the first side 230 of the gated 
window 222 is positioned at the position identified by the 
offset window 242. 

For example, FIG. 6 is a graphical illustration 240 of the 
exemplary offset window 242 that may be generated for the 
respiratory cycle 224 described above. The offset window 
242 is defined by a first side 244 (O), a second side 246 
(O), and a width 248. 
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8 
In various embodiments, the width 248 of the offset win 

dow 242 may be manually selected by a user or automatically 
set by the imaging system 10. Thus, in various embodiments, 
the user may manually increase the width 248 of the offset 
window 242 Such that a larger portion of the respiratory cycle 
224 is analyzed or reduce the width 248 such that smaller 
portion of the respiratory cycle 224 is analyzed. For example, 
assume that the user sets the width 248 of the offset window 
242 to 10%, e.g. 10% of the total respiratory cycle 224. 
Moreover, assume that the user positions the offset window 
242 to analyze the respiratory phases between 20% and 30% 
of the respiratory cycle 224. In operation, the offset window 
242 is then configured to analyze a plurality of steps (O) 
250, or phases, within the offset window 242 to identify a 
location of the respiratory cycle 224 that includes the least 
motion. In various embodiments, the size of the steps 250 
may be set to, for example 1%, such that 10 phase offset 
increments are examined within the offset window 242, e.g. 
the offset window 242 has a width of 10%. In another 
example, the size of the steps 250 may be any value, such as 
0.5% such that 20 different steps 250 or phase offset incre 
ments are analyzed within the offset window 242, etc. 

Referring again to FIG. 4, to analyze the information 
within the gating window 222 using the offset window 242, at 
158 an initial offset point (O.) is set equal to O. More 
specifically, the computer 34 and/or the module 50 is pro 
grammed to initiate the analysis of the respiratory cycle 224 
at the first side 244 of the offset window 242 as shown in FIG. 
6. In the illustrated embodiment, the first side 244 of the offset 
window 242 is positioned at the 20% phase point. Referring 
again to FIG. 4, at 160 the data within the width 222 of the 
gating window 236 is selected as described above. Thus, in 
the illustrated embodiment, the computer 34 and/or the mod 
ule 50 are configured to analyze the respiratory cycle 224 
between 20% and 70% of the respiratory cycle 224 as shown 
in FIG. 6. 
At 162 the computer 34 and/or the module 50 is pro 

grammed to generate a total squared difference (TSD) for 
data within the gated window 222 with the offset 244 at each 
step 250 in the offset window 242. Therefore, a TSD value at 
the initial offset point (O.) is initially calculated. In various 
embodiments, the TSD is calculated in accordance with: 

TSD (RespiratoryCycle.Amplitudeo-SignalProfi 
leo) 

In operation, the equation above is a Sum of all the data 
points within the gated window 222, starting at O, (20% in the 
example) and extending by the gated window width 234 to 
70% (for a 50% gated window in the example). The data 
within the gated window 222 are used in the Summation. 

Accordingly, the TSD value at step O, is initially calcu 
lated. At 164 the computer 34 and/or the module 50 deter 
mines ifa TSD value has been calculated for each step 250 in 
the offset window 242. For example, in the exemplary 
embodiment, the offset window 242 has a width of 10%, e.g. 
O, is equal to O+10%, and the step size is set to 1%. 
Accordingly, in the exemplary embodiment, 10 TSD values 
are calculated for the respiratory cycle 224. Thus, at 164 the 
computer 34 and/or the module 50 determines if 10 TSD 
values have been calculated. In one embodiment, if each of 
the TSD values have not been calculated, then at 166 the 
computer 34 and/or the module 50 determines the offset value 
244 for the next step, e.g. O., etc. In the exemplary embodi 
ment, at 166 the steps are incremented until a TSD has been 
calculated using gated window data 222 for each step 250 in 
the offset window 242. When a TSD value has been calcu 
lated for each step 250, then at 168 the computer 34 and/or the 
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module 50 determines the offset corresponding to a TSD 
value having the lowest value, e.g. the Smallest difference 
between the respiratory cycle amplitude and the average res 
piratory signal amplitude 204. 

At 170 the computer 34 or module 50 determines if a 
minimum TSD value, which may be within a predefined 
tolerance, has been calculated for each respiratory cycle in the 
plurality of respiratory cycles 202. In one embodiment, if a 
TSD value has been calculated for each respiratory cycle in 
the plurality of respiratory cycles 202 the method 150 pro 
ceeds to step 110 shown in FIG. 2. Optionally, if a TSD value 
has not been calculated for each respiratory cycle in the 
plurality of respiratory cycles 202, a Subsequent respiratory 
cycle is selected and the method proceeds to step 152 wherein 
a Subsequent respiratory cycle is selected. It should be real 
ized that steps 152-170 are iteratively repeated until a TSD 
value is calculated for each respiratory cycle in the plurality of 
respiratory cycles 202. 

Referring again to FIG. 2, at 110 the emission data associ 
ated with the portions selected at 168 are utilized to recon 
struct a 3D PET image, such as the 3D PET image 42 shown 
in FIG. 1. 

FIG. 7 is simplified block drawing illustrating the method 
100 described above. As described above, the respiratory 
signal 22 is initially divided into a plurality of respiratory 
cycles 202. Agating window 222 is defined for each respira 
tory cycle 202. A minimum TSD value 280 is calculated for 
each respiratory cycle 202. This minimum TSD value has a 
known corresponding offset from which it was produced. For 
each respiratory cycle 202, a portion 282 of the emission 
dataset 40 registered with the gating window 222 using the 
known offset which produced the minimum TSD, is extracted 
from the emission dataset 40. The extracted portions 282 are 
then utilized to reconstruct a 3D PET image 42. Optionally, if 
the offset for a given respiratory cycle, produces a minimum 
TSD that is substantially different than the average TSD's 
generated from the other data selected in 282, the data may be 
rejected and therefore not utilized to reconstruct the image 42. 
More specifically, an average TSD value may be calculated 
and if the TSD value for a particular cycle is less than a 
predetermined distance from the average TSD, the data may 
be rejected. It should be realized that the methods described 
herein may be applied recursively—the respiratory profile 
can be re-calculated after rejection and a new rejection crite 
ria applied. 

FIG. 8 is a schematic block diagram of the imaging system 
10 (shown in FIG.1). As described above, the imaging system 
10 is embodied as a PET imaging system and includes the 
gantry 12. The PET imaging system 10 also includes a con 
troller 300 to control image reconstruction processes. The 
controller 300 includes the operator workstation 30. As 
described above, the operator workstation 30 includes the 
computer 34, the display 36 and the input device 38. The 
controller 300 includes a data acquisition processor 302 and 
an image reconstruction processor 306. The gantry 12, the 
operator workstation 30, the data acquisition processor 302 
and the image reconstruction processor 304 are intercon 
nected via a communication link 310 (e.g., a serial commu 
nication or wireless link). In operation, scan data is acquired 
and transmitted to the data acquisition processor 304. The 
data acquired by data acquisition processor 302 is recon 
structed using image reconstruction processor 304. 
The PET imaging system 10 may include, for example, a 

plurality of detector rings. One Such detector ring, detector 
ring 312, is illustrated in FIG. 8. The detector ring 312 
includes a central opening, in which an object 414 (e.g., the 
patient 14) may be positioned, using, for example, the motor 
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10 
ized table 18. The motorized table 18 moves the object 314 
into the central opening of detector the ring 312, in response 
to one or more commands received from operator workstation 
30. A PET scanner controller 316, also referred to as a gantry 
controller, is provided (e.g., mounted) in the gantry 12. The 
PET scanner controller 316 responds to the commands 
received from the operator workstation 30 through the com 
munication link 310. Therefore, the operation of the PET 
imaging system 10 is controlled from the operator worksta 
tion 30 through the PET scanner controller 316. 

In various embodiments, the detector ring 312 includes a 
plurality of detector elements for performing a PET scan of 
the object 214. For example, there may be 420 crystals per 
ring and 24 rings in the scanner. As shown in FIG. 8, the 
detector ring 312 includes a first detector element 317, a 
second detector element 319, and several other detectors. It 
should be noted that the detector elements are referred to as 
the first detector element and the second detector element, 
only to differentiate location in FIG. 8. The first detector 
element 317, like the other detectors, includes a set of scin 
tillator crystals arranged in a matrix that is disposed in front of 
a plurality of photosensors. When a photon collides with a 
crystal on a detector, the photon produces a Scintilla on the 
crystal. Each photosensor produces an analog signal on a 
communication line 318 when a scintillation event occurs. A 
set of acquisition circuits 320 is provided to receive these 
analog signals. The acquisition circuits 320 include analog 
to-digital converters to digitize analog signals, processing 
electronics to quantify event signals and a time measurement 
unit to determine time of events relative to other events in the 
system. For example, this information indicates when the 
event took place and the identity of the scintillation crystal 
that detected the event. The acquisition circuits 320 produce 
digital data indicating the location, time and total energy of 
the event. This event data is transmitted through a communi 
cation link, for example, a cable, to a coincidence detector or 
processor 326. 
The coincidence detector 326 receives the event data pack 

ets from the acquisition circuits 320 and determines if any two 
of the detected events are in coincidence. In this context, the 
coincidence is determined by a number of factors. First, the 
time markers in each event data packet must be within a 
predetermined time period, for example, 6 ns, of each other. 
Secondly, the LOR formed by a straight line joining the two 
detectors that detect the coincidence event should pass 
through the field of view in detector 312. Events that cannot 
be paired are discarded. Coincident event pairs are recorded 
as a coincidence data packet that is communicated through a 
communication link to a sorter 330 in the image reconstruc 
tion processor 304. 
The image reconstruction processor 304 includes the sorter 

330, a memory module 332, an image CPU 334, an array 
processor 336, and a back-plane bus 338. The sorter 330 
counts all events that occur along each projection ray and 
organizes them into a coincidence data set. In one embodi 
ment, this data set is organized as a data array 340, referred to 
as a sinogram. The data array 340 is stored in the memory 
module 332. The back-plane bus 338 is linked to the commu 
nication link 310 through the image CPU334, which controls 
communication through the back-plane bus 338. The array 
processor 336 is also connected to the back-plane bus 338, 
receives the data array 340 as an input, and reconstructs 
images in the form of the image arrays 342. The resulting 
image arrays 342 are stored in the memory module 332. 
The images stored in the image array 342 are communi 

cated by the image CPU 334 to the operator workstation 30. 
The computer 34 is configured to process the scan data 
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received from the detector elements. The scan data includes, 
for example, sinogram and timing information that is received 
by controller 300 from the detector elements during an imag 
ing scan. The timing information in one embodiment is the 
difference in time at which two photons emitted in an anni 
hilation event are detected by detector elements. The timing 
information may include time stamp information relating to a 
measured photon event detected by a pair of detector ele 
ments, for example, the first detector element 317 and the 
second detectorelement 319, for the PET system 10. The time 
stamp information is the time at which each photon is 
detected by a detector element, which in various embodi 
mentS. 

Described herein are various methods and system for selec 
tion data to reconstruct a 3D image. The various embodiments 
described herein enable users to determine the binning 
parameters, e.g. optimal parameters, to apply prospectively 
(via protocol) to the collected emission data, based upon 
patient population. More specifically, the various methods 
enable analysis of data where a respiratory trace, the mea 
Surement of a displacement versus time over one or more 
respiratory cycles made during the data acquisition, is avail 
able and the results may then be applied to the data collected 
or as a default protocol for data to be collected in the future on 
a similar patient population. In particular, at least one 
embodiment generates only a 3D PET image Volume using 
trigger-based respiratory gating (phase) and an offset and 
window width as two parameters applied over the dataset. 
More specifically, an amplitude of a plurality of respiratory 

cycles is utilized to generate an average or mean amplitude 
trace that is then utilized to determine the range of respiratory 
data given a percent window width (amount of PET data to 
include, e.g. 50%) such that for each cycle, the range within 
the window minimizes the amplitude, and by extension, the 
motion impact of respiration on the PET image data. 

At least one embodiment enables analysis across patients 
as well as within a patient to determine the optimal data to 
include in a motion minimized 3D data volume thus forming 
the optimal PET image quality from a motion blur perspec 
tive. Another embodiment enables a user to determine 
whether a default set of parameters is sufficient for the 
operators purposes, thus potentially avoiding the need to 
analyze every single scan. Additionally, at least one embodi 
ment may be used during an initial testing period where a 
user collects data to analyze their parameter choice, but even 
tually becomes comfortable with application of a default set 
of parameters based upon measured real patient data and 
analyzed with the disclosed methods. 

It should be noted that the various embodiments may be 
implemented inhardware, software or a combination thereof. 
The various embodiments and/or components, for example, 
the modules, or components and controllers therein, also may 
be implemented as part of one or more computers or proces 
sors. The computer or processor may include a computing 
device, an input device, a display unit and an interface, for 
example, for accessing the Internet. The computer or proces 
Sor may include a microprocessor. The microprocessor may 
be connected to a communication bus. The computer or pro 
cessor may also include a memory. The memory may include 
Random Access Memory (RAM) and Read Only Memory 
(ROM). The computer or processor further may include a 
storage device, which may be a hard disk drive or a removable 
storage drive such as a solid state drive, optical disk drive, and 
the like. The storage device may also be other similar means 
for loading computer programs or other instructions into the 
computer or processor. 
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12 
As used herein, the term “computer or “module' may 

include any processor-based or microprocessor-based system 
including systems using microcontrollers, reduced instruc 
tion set computers (RISC), ASICs, logic circuits, and any 
other circuit or processor capable of executing the functions 
described herein. The above examples are exemplary only, 
and are thus not intended to limit in any way the definition 
and/or meaning of the term "computer. 
The computer or processor executes a set of instructions 

that are stored in one or more storage elements, in order to 
process input data. The storage elements may also store data 
or other information as desired or needed. The storage ele 
ment may be in the form of an information Source or a physi 
cal memory element within a processing machine. 
The set of instructions may include various commands that 

instruct the computer or processor as a processing machine to 
perform specific operations such as the methods and pro 
cesses of the various embodiments of the invention. The set of 
instructions may be in the form of a Software program. The 
Software may be in various forms such as System software or 
application Software and which may be embodied as a tan 
gible and non-transitory computer readable medium. Further, 
the software may be in the form of a collection of separate 
programs or modules, a program module within a larger pro 
gram or a portion of a program module. The Software also 
may include modular programming in the form of object 
oriented programming. The processing of input data by the 
processing machine may be in response to operator com 
mands, or in response to results of previous processing, or in 
response to a request made by another processing machine. 
As used herein, the terms “software' and “firmware” are 

interchangeable, and include any computer program stored in 
memory for execution by a computer, including RAM 
memory, ROM memory, EPROM memory, EEPROM 
memory, and non-volatile RAM (NVRAM) memory. The 
above memory types are exemplary only, and are thus not 
limiting as to the types of memory usable for storage of a 
computer program. 

It is to be understood that the above description is intended 
to be illustrative, and not restrictive. For example, the above 
described embodiments (and/or aspects thereof) may be used 
in combination with each other. In addition, many modifica 
tions may be made to adapt a particular situation or material 
to the teachings of the various embodiments without depart 
ing from their scope. While the dimensions and types of 
materials described herein are intended to define the param 
eters of the various embodiments, they are by no means 
limiting and are merely exemplary. Many other embodiments 
will be apparent to those of skill in the art upon reviewing the 
above description. The scope of the various embodiments 
should, therefore, be determined with reference to the 
appended claims, along with the full scope of equivalents to 
which Such claims are entitled. In the appended claims, the 
terms “including and “in which are used as the plain-En 
glish equivalents of the respective terms "comprising and 
“wherein.” Moreover, in the following claims, the terms 
“first.” “second, and “third,' etc. are used merely as labels, 
and are not intended to impose numerical requirements on 
their objects. Further, the limitations of the following claims 
are not written in means-plus-function format and are not 
intended to be interpreted based on 35 U.S.C. S 112, sixth 
paragraph, unless and until Such claim limitations expressly 
use the phrase “means for followed by a statement of func 
tion Void of further structure. 

This written description uses examples to disclose the vari 
ous embodiments, including the best mode, and also to enable 
any person skilled in the art to practice the various embodi 
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ments, including making and using any devices or systems 
and performing any incorporated methods. The patentable 
scope of the various embodiments is defined by the claims, 
and may include other examples that occur to those skilled in 
the art. Such other examples are intended to be within the 
Scope of the claims if the examples have structural elements 
that do not differ from the literal language of the claims, or the 
examples include equivalent structural elements with insub 
stantial differences from the literal languages of the claims. 

What is claimed is: 
1. A method air selecting data to reconstruct a three-dimen 

sional (3D) image of a Subject of interest, said method com 
prising: 

acquiring a 3D emission dataset of the Subject of interest; 
acquiring a respiratory signal of the Subject of interest, the 

respiratory signal including a plurality of respiratory 
cycles; 

calculating a respiratory profile using the respiratory sig 
nal; 

for each respiratory cycle, generating a gating window, 
calculating a minimum total squared difference (TSD) 
between a plurality of phases in the respiratory profile 
and the same plurality of phases in the respiratory cycle, 
and positioning the gating window based on the TSD 
values calculated; and 

reconstructing a 3D image using only the emission data 
within the plurality of gating windows. 

2. The method of claim 1, wherein the emission data used 
to reconstruct the 3D image includes 50% or less of the 
acquired 3D emission dataset for each respiratory cycle, fur 
ther comprising, for each respiratory cycle, positioning the 
gating window using information derived from an offset win 
dow. 

3. The method of claim 2, wherein the offset window 
further comprises a plurality of steps, said method further 
comprising, for each respiratory cycle, calculating the TSD 
values for each step in the offset window; and selecting the 
minimum TSD value from the calculated TSD values. 

4. The method of claim 1, further comprising: 
generating an offset window; 
dividing the offset window into a plurality of steps: 
determining a TSD for each of the plurality of steps: 
selecting the minimum TSD from the plurality of deter 

mined TSDs; and 
positioning the gating window at the selected minimum 
TSD. 

5. The method of claim 1, further comprising: 
generating an offset window; 
determining a plurality of TSDs within the offset window; 

and 
positioning a first side of the gating window at the mini 
mum TSD. 

6. The method of claim 1, wherein calculating the respira 
tory profile comprises: 

generating a plurality of respiratory cycles; and 
calculating a mean value of the plurality of respiratory 

cycles. 
7. The method of claim 1, wherein the plurality of gating 

windows includes only a single gating window from each 
respiratory cycle, and wherein, for each respiratory cycle, the 
single gating window has a first side, a second side, and a 
width, the width being less than a length of the respiratory 
cycle. 

8. The method of claim 1, further comprising 
determining an average TSD value; 
comparing the TSD values to the average TSD value; and 
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14 
rejecting data based on the comparison, wherein the 

rejected data is not used for reconstructing the 3D image. 
9. The method of claim 1, further comprising: 
acquiring a 3D Positron Emission Tomography (PET) 

dataset of the subject of interest; and 
reconstructing a 3D PET image using a portion of the PET 

dataset. 
10. An imaging system comprising: 
a detector; and 
a computer coupled to the detector, the computer being 
programmed to: 
acquire a 3D emission dataset of the Subject of interest; 
acquire a respiratory signal of the Subject of interest, the 

respiratory signal including a plurality of respiratory 
cycles; 

calculate a respiratory profile using the respiratory sig 
nal; 

for each respiratory cycle, generate a gating window, 
calculate a minimum total squared difference (TSD) 
between a plurality of phases in the respiratory profile 
and the same plurality of phases in the respiratory 
cycle, and position the gating window based on the 
TSD values calculated; and 

reconstruct a 3D image using only the emission data 
within the plurality of gating windows. 

11. The imaging system of claim 10, wherein the emission 
data used to reconstruct the 3D image includes 50% or less of 
the acquired 3D emission dataset for each respiratory cycle, 
wherein the computer is further programmed to, for each 
respiratory cycle, position the gating window using informa 
tion derived from an offset window. 

12. The imaging system of claim 11, wherein the offset 
window further comprises a plurality of steps, the computeris 
further programmed to, for each respiratory cycle, calculate a 
TSD value for each step in the offset window, and select the 
minimum TSD value, from the calculated TSD values. 

13. The imaging system of claim 10, wherein the computer 
is further programmed to: 

generate an offset window; 
divide the offset window into a plurality of steps: 
determine a TSD for each of the plurality of steps; and 
positioning the gating window at the TSD having the mini 
mum value. 

14. The imaging system of claim 10, wherein the computer 
is further programmed to: 

generate an offset window; 
determine a plurality of TSDs within the offset window; 

and 
position a first side of the Rating window at the minimum 
TSD. 

15. The imaging system of claim 10, wherein the computer 
is further programmed to: 

generate a plurality of respiratory cycles; and 
calculate a mean value of the plurality of respiratory cycles. 
16. The imaging system of claim 10, wherein the plurality 

ofgating windows includes only a singlegating window from 
each respiratory cycle, and wherein, for each respiratory 
cycle, the single gating window has a first side, a second side, 
and a width, the width being less than a length of the respi 
ratory cycle. 

17. A non-transitory computer readable medium encoded 
with a program programmed to instruct a computer to: 

acquire a 3D emission dataset of the Subject of interest; 
acquire a respiratory signal of the Subject of interest, the 

respiratory signal including a plurality of respiratory 
cycles; 

calculate a respiratory profile using the respiratory signal; 
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for each respiratory cycle, generate a gating window, cal 
culate a minimum total squared difference (TSD) 
between a plurality of phases in the respiratory profile 
and the same plurality of phases in the respiratory cycle, 
and position the gating window such that the TSD is 
minimized; and 

reconstruct a 3D image using only the emission data within 
the plurality of gating windows. 

18. The non-transitory computer readable medium of claim 
17, further programmed to instruct a computer to position the 
gating window using information derived from an offset win 
dow, wherein the emission data used to reconstruct the 3D 
image includes 50% or less of the acquired 3D emission 
dataset for each respiratory cycle. 

19. The non-transitory computer readable medium of claim 
18, further programmed to instruct a computer to: 

divide the offset window into a plurality of steps; 
calculate a TSD value for each step in the offset window; 

and 
select the minimum TSD value from the calculated TSD 

values. 
20. The non-transitory computer readable medium of claim 

18, further programmed to instruct a computer to: 
generate an offset window; 
determine a plurality of TSDs within the offset window; 

and 
position a first side of the gating window at the minimum 
TSD. 
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